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1. INTRODUCTION 

The a r e a  of  i n v e s t i g a t i o n  of concern for t h i s  p r o j e c t  

i s  t h e  changes, u s u a l l y  degrada t ive ,  o f  polymer s t r u c t u r e  

and  p r o p e r t i e s  r e s u l t i n g  from exposure t o  vacuum u l t r a v i o l e t  

and gamma r a d i a t i o n  and a t  temperatures  up t o  500 or 6oo0c, 
For a profound i n s i g h t  i n t o  these  e f f e c t s ,  one needs a c l e a r  

knowledge o f  t he  chemical and p h y s i c a l  mechanisms involved.  

Numerous measurements as a func t ion  of  t ime and cond i t ions ,  

o f  molecular  weight,  t h e  r a t e  o f  v o l a t i l i z a t i o n ,  t he  r a t e  o f  

s t r e s s  r e l a x a t i o n ,  composition changes and  v a r i o u s  s p e c t r a  

on w e l l  c h a r a c t e r i z e d  polymers a r e  r e q u i r e d ,  

2,  SUMMARY OF RECENT PROGRESS 

A )  Cons t ruc t ion  and t e s t i n g  of vacuum u l t r a v i o l e t  

lamps has cont inued  us ing  var ious  power s u p p l i e s  and 

e l e c t r o d e  arrangements i n  conjunct ion  w i t h  a record ing  

e l ec t roba lance .  

B )  Thermolyt ic  ra tes  of v o l a t i l i z a t i o n  have been 

completed on one s tudy  of  po lys tyrene ,  s e e  p u b l i c a t i o n  (e), 
and a new program planned i n  which the r a t e s  of  v o l a t i l i z a t i o n  



o f  po lys ty rene  w i t h  known end groups and of  the monodispersed 

type w i l l  be i n v e s t i g a t e d .  I n  t h e  meantime a b r i e f  

i n v e s t i g a t i o n  of a s p e c i a l  a n i o n i c a l l y  p repa red  poly- l ,2-  

dihydronapthalene have been s t u d i e d ,  

s tudy  a re  somewhat unusual  i n  that  t h e  material  showed 

i n c r e a s i n g  rates of v o l a t i l i z a t i o n  as i t s  s u r f a c e  area 

decreased. 

The r e s u l t s  o f  the 

C )  An i n v e s t i g a t i o n  o f  t he  r a t e s  of v o l a t i l i z a t i o n ,  

s e n s i t i z e d  by gamma rays ,  o f  p o l y t e t r a f l u o r o e t h y l e n e  has 

been completed and a f i n a l  manuscript  p repa red  (see pub l i ca -  

t i o n  7)- 
A new appa ra tus  f o r  t h i s  s tudy u s i n g  a r eco rd ing  ba lance  

i s  under c o n s t r u c t i o n  which  will enable  s t u d i e s  t o  be  made 

on a g r e a t e r  v a r i e t y  of polymers and w i t h  g r e a t e r  accuracy. 

The method used so f a r  has been s t r i c t l y  only  a p p l i c a b l e  t o  

polymers which decompose t o  g ive  on ly  monomer, 

F u r t h e r  work us ing  o ther  polymers i s  planned, 

D )  One phase of the r a d i o l y t i c  stress r e l a x a t i o n  

s t u d i e s  has been completed ( s e e  p u b l i c a t i o n  8) .  

t h e  the rmoly t i c  s t r e s s - r e l a x a t i o n  o f  a 70:30 ethylene-propylene 

copolymer has been measured i n  a vacuum as a f u n c t i o n  o f  

tempera tures  (236 t o  310°C), 

42 kcal/mole was ob ta ined  f o r  the s c i s s i o n  r e a c t i o n ,  

I n v e s t i g a t i o n  of t h e  in f luence  o f  copolymer composition on 

the  the rmoly t i c  s t r e s s - r e l a x a t i o n  i s  now i n  p rogres s .  

Recent ly  

An a c t i v a t i o n  energy o f  
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3.  FUTURE PLANS 

I n v e s t i g a t e ;  

1) Rates  o f  r a d i a t i o n  s e n s i t i z e d  v o l a t i l i z a t i o n  of 

v a r i o u s  polymers, 

2 )  S e n s i t i z a t i o n  o f  polymers, f o r  example, po lyac ry lo -  

* 

n i t r i l e ,  towards v o l a t i l i z a t i o n  by p r i o r  i r r a d i a t i o n ,  

3 )  Q u a n t i t a t i v e  estimate of the  molecular  weight 

d i s t r i b u t i o n  of l i n e a r  po lye thylene  and o t h e r  v i n y l  polymers 

f r o m  t h e  r a d i o l y t i c  s t r e s s  r e l a x a t i o n ,  

measurements, the  g e l  dose,  and t h e  number average molecular  

weight  t o  t e s t  t h e  t h e o r e t i c a l  p r e d i c a t i o n s  s e t  f o r t h  i n  

p u b l i c a t i o n  (8 ) .  

t h e  e l a s t i c i t y  

4 )  E f f e c t  o f  s u b s t i t u e n t s  on the the rmoly t i c  cha in  

s c i s s i o n  of  v i n y l  polymers observed by t h e  s t ress  r e l a x a t i o n  

of  t h e  networks ir! vacuum and i n  scavenging gases ,  

4, SUMMARY OF PUBLICATIONS ON THIS PROJECT 
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L.A, Wall, paper  p re sen ted  a t  t h e  144th American Chemical 

S o c i e t y  Meeting, Los Angeles, C a l i f o r n i a ,  A p r i l  1963, 

I 

manuscript  accepted  by J. Polymer Sc i .  

"On t h e  Measurement o f  Random Chain S c i s s i o n  by S t r e s s  

Relaxat ion",  by Hyuk Yu, Polymer L e t t e r s  - 2, [4], 631 
5. 

11 
(1964) * 

6. " E f f e c t s  of Composition and I r r a d i a t i o n  on t h e  Glass \, 

T r a n s i t i o n  Temperature of Methyl Methacrylate  S ty rene  

Copolymers", by M.S. Parker,  V . J o  Krasnansky and 

B.G. Achhammer, J. Appl. Polymer Sci .  - 8, 825 (1964). 

. / /  

I t  7. Gamma Ray I n i t i a t e d  Thermal Decomposition o f  P o l y t e t r a -  

f l uo roe thy lene" ,  by R.E. F l o r i n ,  M O A ,  Parker ,  and 

L.A. Wall, manuscr ipt  i n  revlew. 

"Rad io ly t i c  S t r e s s  Relaxa t ion  o f  an Ethylene-Propylene 

Copolymer", by H. Yu and L.A. Wall, manuscript  submit ted 

t o  J. Phys. C h e m .  

8. 

9. "The Thermal Degradation Mechanism of  Polys tyrene" ,  by  

L.A. Wall, S,  S t r a u s ,  J.H. Flynn, D. McIntyre, and €3, Slmha, I 

manuscript  i n  review. 

I I1 10. The E f f e c t  of Gamma I r r a d i a t i o n  on a Polyamide", by 
I 

V.J. Krasnansky, M.S. Parker,  and ROE. F l o r i n ,  manuscr ipt  1 
i n  review, 


